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What is claimed is: 

1 . A method of forming a metal gate electrode, comprising: 

forming a first gate electrode over a gate dielectric layer disposed on a 
substrate; 

forming spacers along laterally opposed sides of the first gate electrode; 
depositing a first insulating material over the first gate electrode and 
spacers; 

removing a portion of the first insulating material so that at least the first 
gate electrode is exposed; 

removing the first gate electrode such that a recess is formed, the recess 
defined by the interior walls of the spacers and the gate dielectric layer; 

forming a first metal layer in the recess; and 

depositing a second metal layer over the first metal layer. 

2. The method Claim 1 , wherein the first gate electrode comprises 
polysilicon. 

3. The method of Claim 2, wherein the first gate electrode further comprises 
a silicide layer superjacent the polysilicon. 

4. The method of Claim 1 , wherein forming the first metal layer comprises 
depositing titanium nitride. 
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1 5. The method of Claim 1 , wherein forming the first metal layer comprises 

2 depositing tantalum nitride. 



1 6. The method of Claim 1 , wherein depositing the second metal layer 

2 comprises depositing a metal selected from the group consisting of aluminum. 

3 nickel, platinum and palladium. 

1 7. The method of Claim 6, wherein the first metal layer is less than 100 

2 angstroms thick. 

1 8. The method of Claim 7. wherein the first metal layer and the second metal 

2 layer provide of gate work function that is different from a first metal work 

3 function and a second metal work function. 

1 9. A method of forming PFETs and NFETs with metal gates, comprising: 

2 forming, on a substrate, at least one PFET having a gate electrode 

3 comprising polysilicon and at least one NFET having a gate electrode comprising 

4 polysilicon, the PFETs and NFETs having spacers adjacent laterally opposed 

5 sides of the gate electrodes; 

6 depositing and planarizing a first insulating material over the substrate; 

7 removing a first portion of the first insulating material so that the at least 

8 one PFET gate electrode is exposed; 

9 replacing the PFET gate electrode with a first metal gate electrode; 
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10 removing a second portion of the first insulating material so that the at 

1 1 least one NFET gate electrode is exposed; and 

12 replacing the NFET gate electrode with a second metal gate electrode. 

1 1 0. The method of Claim 9, wherein replacing the PFET gate electrode with a 

2 first metal gate electrode comprises etching polysilicon so that interior walls of 

3 the spacers are exposed; depositing a first metal layer over at least a substantial 

4 portion of the exposed interior walls of the spacers; depositing a second metal 

5 layer over the first metal layer; and removing the excess metal; wherein the first 

6 metal layer is a diffusion barrier with respect to the second metal layer. 

-* 

3 

1 11. The method of Claim 1 0, further comprising etching a silicide layer 

2 superjacent the polysilicon. 

1 12. The method of Claim 10, wherein the first metal is selected from the group 

2 consisting of titanium nitride and tantalum nitride. 

1 13. The method of Claim 1 0, wherein the second metal is selected from the 

2 group consisting of nickel, platinum and palladium. 

1 14. The method of Claim 10, wherein the second metal comprises aluminum. 

1 15. An integrated circuit, comprising: 
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2 an NFET having a gate electrode comprising a first TiN layer superjacent 

3 a first gate dielectric, a first metal layer having laterally opposed vertical 

4 sidewalls. superjacent the first TiN layer, and the first TiN layer is adjacent to 

5 laterally opposed vertical sidewalls of the first metal; and 

6 a PFET having a gate electrode comprising a second TaN layer superjacent a 

7 second gate dielectric, a second metal layer having laterally opposed vertical 

8 sidewalls, superjacent the second TaN layer, and the second TaN layer is 

9 adjacent to laterally opposed vertical sidewalls of the second metal. 

1 16. The integrated circuit of Claim 15, wherein the first metal is selected from 

2 the group consisting of aluminum and titanium. 



1 17. The integrated circuit of Claim 15, wherein the second metal is selected 

2 from the group consisting nickel, platinum, and palladium. 

1 18. An microelectronic device, comprising: 

2 an NFET having a first gate electrode comprising a TiN layer superjacent 

3 a first gate dielectric and adjacent to at least a pair of sidewall spacers, such that 

4 the TiN layer forms a lining over interior walls of the sidewall spacers and over 

5 the gate dielectric; and 

6 a PFET having a second gate electrode comprising a TaN layer 

7 superjacent a second gate dielectric and adjacent to at least a pair of sidewall 



19 



P7480X W 

8 spacers, such that the TaN layer forms a lining over interior walls of the sidewall 

9 spacers and over the gate dielectric; 

10 wherein the first gate electrode further comprises aluminum and the 

11 second gate electrode further comprises a material selected from the group 

12 consisting of Ni, Pt, and Pd. 

1 19. An integrated circuit, comprising: 

2 a first FET of a first conductivity type, the first FET having a first work 

3 function modulation layer; and 

4 a second FET of a second conductivity type; the second FET having a 

5 second work function modulation layer; 

6 wherein the first and second work function modulation layers comprise the 

7 same material, and the thickness of the first work function modulation layer is 

8 different than the thickness of the second work function modulation layer. 

1 20. The integrated circuit of Claim 19. wherein the first and second FETs have 

2 substantially identical channel doping profiles and the first and second FETs 

3 have different threshold voltages. 
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